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Cocoa beans are the basic material occurring in the most consumed product in the world, namely chocolate. Their
composition includes polyphenols, methylxanthines, lipids and other compounds that may vary qualitatively and
quantitatively according to criteria such as variety or culture area. Polyphenols and methylxanthines are known as being
responsible for many health benefits, particularly by preventing cardiovascular and neurodegenerative diseases. Recent
studies emphasized their positive role in dietary metabolic disorders, such as diabetes and weight gain.
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| 1. Introduction

Theobroma cacao Linnaeus 1753 is a food plant that has been domesticated by Mesoamericans and propagated to
European countries in 1502 [, Originating from neotropical rainforests, its fruits are called “pods” and contain “cocoa
beans” with a surrounding muscillagineous sweet pulp. To become one of the most widely consumed products in the
world, namely chocolate, cocoa seeds must undergo several processes such as fermentation, drying and roasting 2.
Consumed for its flavor, raw cocoa and cocoa-derived products revealed human health benefits as protective against
cardiovascular and neurodegenerative diseases, antioxidant and anti-inflammatory activities B4l Bioactive compounds,
particularly polyphenols and methylxanthines, are thought to be responsible for these properties B8, Nowadays, dietary
metabolic disorders, such as diabetes, are on the rise, and recent in vitro and in vivo studies on cocoa compounds
revealed preventive actions such as anti-diabetic and anti-obesity activities A9, |n addition, cocoa modulated the profile
of intestinal microbiota, which can provide health benefits to the host 19,

| 2. Health Benefits of Polyphenols and Methylxanthines from Cocoa
2.1. Cocoa and Intestinal Inflammation

During food allergy, allergens engender the differentiation of T cell into T-helper 2 cells which can produce cytokines (IL-4,
IL-5, IL-10, and IL-13), resulting of the production of Immunoglobulin E (IgE) antibodies by B cells 111, IgE is recognized
by mast cell receptors named FceRl and induces the release of histamine, protease and cytokines that revealed
anaphylactic response. Polyphenols from cocoa, especially flavonoids, upregulated the gene expression of IgE receptor
FceRIl and decrease in rat mast cell protease Il (RMCP-II) levels. This marker of fast degranulation would be the
consequence of the cocoa-inducing lower rate of IgE. Interestingly, the nature of polyphenol contained in the sample could
induce different mechanisms. Indeed, even if both cocoa samples inhibited IL-5 and IL-13 that promote Th2 response,
only fermented cocoa inhibits the IL-4 release, which acts in the synthesis of IgE. This explained why fermented cocoa
prevented the synthesis of anti-ovalbumin IgE, whereas unfermented cocoa decreased these antibodies only after the end
of the diet. Moreover, cocoa intake reduced the release of Thl-cytokines IL-1qa, IL-13 and IFN-y from mesenteric lymph
nodes cells and specific IgG antibodies associated with Th2-immune response 12,

To go further, abnormal level in lipid and glucose are associated with inflammation process that has occurred in adipose
tissue. Activation of the TLR4 receptor by free fatty acid can trigger c-Jun N-terminal kinase (JNK) and induce a crucial
inflammatory transcription factor called NF-kB. Pro-inflammatory cytokine genes and protein levels such as TNF-a and IL-
6 decreased with cocoa powder and cocoa extracts in white adipose tissue, suggesting an anti-inflammatory action of
cocoa [,

2.2. Cocoa and Obesity

Cocoa has already shown anti-obesity properties by acting in various ways. Obesity is characterized by abnormal fat and
glucose levels. After daily intake of flavonoid-rich cocoa products, total blood cholesterol, triglycerides, and LDL-
cholesterol were significantly decreased and blood pressure was improved [AR3l Moreover, (-)-epicatechin, cocoa



powder and cocoa extract have caused a significant decrease in body weight gain, fat mass accumulation, dyslipidemia,
hyperglycemia, and insulin resistance induced by a high-fat diet intake 4.

A strategy to reduce adiposity and dyslipidemia is based on the upregulation of peroxisome proliferator-activated receptor
(PPARY), peroxisome proliferator-activated receptor y coactivator 1 a (PGC1a), and Sirtuin 1 (SIRT1). The PPARYy ligand
plays a key role because of its ability of lower plasma triglyceride levels and increase HDL-cholesterol 4. Cocoa
enhanced the expression of PPARy levels related to the high-fat group, in association with a diminution of serum
triglycerides and FFA levels 23 The latter are PGC1a, which can bind to and co-activate PPARy to contribute to the
transports and use of fatty acids 28, PGCla could interact with SIRT1 and they regulated energy homeostasis and
increase energy expenditure over energy storage in WAT. Cocoa powder, cocoa extract and epicatechin modulated the
expression of PGCla, SIRT1 and PPARYy in WAT, suggesting that one of the possible mechanisms involved in body
weight gain and fat mass accumulation would be to increase energy expenditure in the case of hypercaloric diet-induced
[, PPARy and C/EBPa act as transcription factors in adipogenesis. In a recent study, theobromine has suppressed the
accumulation of lipids and the differentiation of adipocytes by decreasing the expression of PPARy and C/EBPa (involved
in the latter stage of adipogenesis) and by degrading the C/EBP (involved in the early stage of adipogenesis) (L7181,

Another strategy is based on the AMP-activated protein kinase (AMPK) pathway. After consuming cocoa in high-fat diet,
the expression of AMPK was superior to that of the standard group, suggesting that the AMPK pathway could be activated
by cocoa (12, This enzyme is related to the promotion of B-oxidation, lipogenesis of FFA and lipogenic and fatty oxidation
enzymes activities. Indeed, in another study, cocoa polyphenols supplementation activated again the AMPK pathway
phosphorylation but also downregulated the expression of Acaca (Acetyl-coenzyme A carboxylase alpha) and Mcat
(Malonyl coa ACP acyltransferase) genes in the liver, and Fasn (Fatty acid synthase) and Scdl (Stearoyl-coenzyme A
desaturase) genes in the WAT 1<,

Another important pathway is based on the existence of leptin, which is a hormone secreted by WAT and has a key role in
regulating body weight. This is due to its ability to influence satiety and energy expenditure. Hyperleptinemia is present in
obese humans and is thought to engender a leptin-resistance resulting from a suppressed action in WAT metabolic
function. Cocoa revealed a positive correlation between serum leptin levels body weight gain/fat mass accumulation for
treatment with cocoa extracts, cocoa powder and epicatechin in high-fat diet. These treatments have also been
associated with high downregulation of leptin gene expression in WAT, suggesting that cocoa would reduce hypercaloric
diet induced-leptin resistance in WAT . Flavanol-rich powder supplementation in athletes also showed a decrease in
leptin levels and a reduction in fat body mass 29,

2.3. Cocoa and Diabetes

A potential antidiabetic action of cocoa could result from a protective action on B-cells against death-inducing factors.
Indeed, Fernandez-Millan and collaborators have shown that cocoa-rich diet induced an antioxidative action (mainly
glutathione peroxidase) that could protect B-cell against oxidative injuries induced by pre-diabetic conditions. As a result,
they suggested that cocoa polyphenols would reduce apoptosis of B-cell mass and delay the progression of T2D 2. This
prediabetic phase characterized by insulin resistance and glucose tolerance and its progression could be delayed by
changes in lifestyle or treatments. Sucrose or fructose-rich diet could enhance endocrine-metabolic disturbance in rats
and induced a prediabetes. A daily uptake of polyphenol-enriched cocoa extract has prevented the increase in
homeostasis model assessment-insulin resistance index (HOMA-IR index) in sucrose-rich diet for rats, suggesting that
polyphenols of cocoa have a protective effect on insulin resistance 22, In this study, polyphenols also induced the
decrease of P-Akt/Akt and P-eNOS/eNOS ratios. In the literature, the Akt-dependent phosphorylation of Ser is involved in
the activation of nitric oxide synthesis by eNOS. Insulin would be involved in Akt-modulated mechanism and would be
able to release oxide nitric 28], Changes in the previous ratios would show that cocoa would be able to prevent insulin
resistance. Moreover, cocoa showed an involvement in improving insulin resistance by decreasing insulin resistance
receptor phosphorylation (IRS-1, Ser 307, and Ser 636/639) and activating the Glycogen Synthase Kinase 3/Glycogen
Synthase (GSK3/GS) pathway. Indeed, this could be a good antidiabetic strategy because GSK3-f3 is a capital substrate
of the phosphatidylinositol 3-kinase/protein kinase B (PI3K/AKT) signaling involved regulating glycogen synthesis, and GS
plays an important role in insulin resistance 241,

Hyperglycemia may be managed by the ability of cocoa (=) epicatechin and other flavonoids to increase GLUT-2 levels
[25] GLUTs maintain the inter- and extracellular balance of glucose and may be affected in diabetes state. Although
Bowser and collaborators have inhibited GLUT-4 activity, a significant reduction in glucose uptake in human skeletal
muscle was noted in the presence of cocoa extract and procyanidin fractions. This behavior suggested that GLUT-4
activity would be involved in the antidiabetic mechanism cocoa extracts [28l. A cocoa-rich diet has also induced a reduction



in postprandial plasma glucose elevation. This is believed to be due to increased early insulin secretion and the activity of
the glucagon-like peptide-1(GLP-1) activity 22, These antidiabetic actions would not be visible for all cocoa polyphenols
because only the catechin cocoa fraction showed an enhancement in glucose-stimulated insulin secretion, whereas
treatments with crude cocoa extract or procyanidin fraction showed no improvement 4!,

2.4. Cocoa and Gut Microbiota

Even if cocoa has already shown antimicrobial activities, it could be appropriated to maintain the integrity of GM while it
also could engender the emergence of new microorganism. Indeed, the daily consumption of rich flavanol cocoa drink
increased the growth of Lactobacillus spp. and Bifidobacterium spp. and decreased the clostridium pefringens in
comparison with a control group. This modulation of cocoa presented benefits because Lactobacillus spp. and
Bifidobacterium spp prevent the apparition of pathogenic species and Clostridium pefringens is involved in colonic cancer
and onset of inflammatory bowel disease [28l,

In cocoa-enriched diet, some compounds could influence the emergence of new bacteria species of GM. Indeed, Martin-
Pelaez and collaborators noted that a cocoa diet containing 0.4% polyphenols and 0.25% theobromine induced the
emergence of seven fecal-detected bacteria species belonging to the Actinobacteria, Cyanobacteria, Firmicutes, and
Proteobacteria phyla. However, consumed without polyphenols, the cocoa-diet containing 0.25% theobromine was the
only one that allowed the emergence of Candidatus Arthromitus (Firmicutes phylum). In addition, theobromine was the
only one that reduced the counts of Bifidobacterium spp., and Firmicutes phylum (Streptococcus spp., and C.
histolyticum—C. perfringens) 29, This suggests possible interferences in activities between several cocoa compounds.
Indeed, 0.25% theobromine diet increased almost fourfold Tenericutes phylum in gut microbia, whereas cocoa-diet did
not, suggesting the possible delay interference of others cocoa compounds 22, An interesting hypothesis is based on the
possibility that methylxanthines and polyphenols may have opposite actions. Indeed, theobromine, taken individually,
induced the reduction of Ruminococcus flavefaciens, (cellulolytic bacteria) and the increase of Erysipelotrichaceae while
flavonoids induced opposite actions [22[EAE1],

| 3. Conclusions

Cocoa has many varieties that can distinguished by morpho-geographical and genetic factors. These factors influence the
composition of each part of the plant, including cocoa beans. In recent studies, two groups of compounds were of great
interest, including polyphenols and methylxanthines. As mentioned, these compounds are thought to be responsible for
many health benefits, particularly antioxidant and anti-inflammatory capacities in the digestive tract. Indeed, this review
focused on the influence of polyphenols and methylxanthines on dietary metabolic disorders as diabetes, obesity, and
intestinal inflammations, which are constantly increasing. Our work has shown that all these disorders are related and can
interfere with each other, especially with the gut microbiota (GM). Recently, several studies have presented the GM
contribution in metabolic disorders. The Dabke and collaborators model suggest that a high-fat, low-fiber diet could lead to
dysbiosis (unbalanced GM conditions) which could lead to altered TJ integrity. The dysfunction of the permeability of
intestinal epithelial could lead to chronic inflammation of liver and adipose tissue by certain threats to the body (LPS,
metabolites...). As a result of insulin resistance, increased FFA levels and dyslipidemia, this chain of response could result
in a high risk of obesity, diabetes, and cardiovascular diseases [22. This was supported by the fact that infusion of GM
from lean volunteers to subjects with metabolic disorders demonstrated an increase in insulin sensitivity 22!,

In this paper, we discussed the dual action of cocoa compounds (internal and external) on dietary metabolic disorders and
GM. Cocoa polyphenols and methylxanthines modulated the GM itself leading to the emergence of 11 new bacterial
species such as Bacteroides, Firmicutes and Proteobacteria phyla. In addition, an external action also exists because
these compounds have affected more than the gut. For example, the influence of these compounds on the abundance of
Lactobacilli and Bifidobacteria phyla leads to an increase in pro-inflammatory cytokine IL-10 levels. This rise could delay
obesity and body weight by increasing thermogenesis and increasing insulin-sensitivity, a key parameter of diabetes. Our
work has also shown that polyphenol and methylxanthine in cocoa can have opposites actions.

This suggests that cocoa is a complex matrix, and its composition is the masterpiece of its effectiveness. Indeed, it is well-
known that not all the native compounds reach the bloodstream. Only a few compounds, especially small ones such as
(-)-epicatechin, can surround the entire digestive process. Thus, all parameters influencing the composition, such as
variety, geographic origins and fermentation process, must be managed. Knowing that the latter engenders a loss of 90%
of (-)-epicatechin content, one may wonder if alternatives could be found, such as raw chocolate that is made with
unfermented and/or unroasted cocoa beans. Even if the raw material is crucial, the extraction procedure is not negligible
because the choice of extraction solvent or/and the extraction method could play a key role. For example, 70% acetone



results in a higher total polyphenol content in cocoa pod husk extract than 70% ethanol (94.92 and 49.92 mg GAE/g
extract, respectively). Water and ethanol provide a partial extraction of oligomeric polyphenols, but high polymers are not
extracted at all BI34] Moreover, ultrasound (2h-60Hz) provided extracts with higher total polyphenol content than those
obtained by agitation (6h-200rpm) 221,

Cocoa can be considered a “Swiss knife” because it offers many possibilities for use in various forms in the agri-food,
cosmetic and other sectors. For instance, the cocoa shell, incorporated into ice cream, showed prebiotic activities, while
the cocoa incorporated in mouth products showed anticariogenic and antibacterial capacities B84, As a conclusion,
further studies are needed to fully characterize the potential actions of cocoa compounds on dietary metabolic disorders
and GM.
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